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APPENDIX F

APPLICATION OF HISTORICAL FREQUENCY METHOD

The following problem illustrates the computational procedures
involved in calculating the magnitude and frequency of occurrence
of water levels at the State Pier, Providence, Rhode Island based on
the formula and procedures discussed in Chapter 3. The basic and
ordered annual peak water level data are given in Table F-1. The
last two rows in the basic data, columns 3 and 4, shows historic
water elevations of 18 feet for years 1635 and 1638. Historic data
for these vyears are not considered a part of the more recent
systematic record. By ignoring the historic record for the present,
it is found by summing columns 4, 5, and 6 that:

X = 269.1; ZX2 = 1908.95
and
x3 = 16,352.259

For the systematic record (N = 43) the mean, standard deviation, and
skew coefficient according to Equations [3-6)], [3-7b], and [3-8b]
are:

Ing]

= =X _ 269.1
H='N = 743

= 6.2581
/2 2T /2
(Ex?) - LZ__:‘iL’ ' 1908.95 - Q—G—%'J:L

5 = S = 5T = 2.3143

G = N2 (Ex3) - 3N (Zx) (Ix?) + 2 (¥x)3
N(N-1) (N-2) o

(43)2 (16352.259) - 3(43)(269.1)(1908.95) + 2(269.1}3
43 (43 - 1) (43 - 2) (2.3143)3

= 3.2053

Use Equation [3-13] to test for high outlier.

nH=u+KNU
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From Table 3-1, KN = 2,71 for N = 43, thus
nH = 6.2581 + (2.71)(2.3143) = 12.5 feet

A review of the systematic record reveals that the peak elevation
of 16.0 feet in 1938 and the peak elevation of 14.9 feet in 1954
exceed the threshold value of 12.5 feet. Due to the fact that the
systematic record is extended considerably as a result of the
historic events, only the 1938 event will be used as a high outlier
and the 1954 event will be considered as part of the systematic
record. Because of the high outlier the statistics of the
systematic record are re-evaluated as follows:

™ = 269.1 - 16 = 253.1
Tx2 = 1908.95 - 256 = 1652.95
T3 = 16,352.259 - 4096 = 12256.259

Thus for N = 42

= =X _ 253.1 _
w o= IE - 253 6.0262
1/2 27 1/2
(£xz) - (ZX)7 1652.95 - (283.1)7
s = N = 42 = 1.7650
N -1 42 - 1
o < NP(Zx?) - 3N (£x) (Ex2) + 2(Ix)?

N (N -1) (N - 2) o?

- (42)2 (12256.259) - 3(42)(253.1)(1652.95) + 2(253.1)% _ 4 5,0q
(42) (42 - 1) (42 - 2) (1.765)3 oo

Adjustment of the statistics is required to account for the historic
data including the high outlier. The weight factor W according to
Equation [3-14] with a historic period from 1635 through 1975 or 341
years is:
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H-2 341 - 3

W= N = 42 = 8.0476

The sum of the historic water levels is:
Ix’ = 18 + 18 + 16 = 52
By Equation [3-15]

;Z - W (Zx) + Zx' _ (8.0476)(253.1) + 52
H 341

= 6.126

Based on the adjusted mean, x - ﬁ is computed as shown in column 11,
(X - 1) 2 in column 12 and (x' - p) ? in column 13.

The sums are:

L(x -p?

128.03

379 48

(%’ -u)?2

T(x' -2 4310.949

By use of Equation [3-16] it is found that
1/2

_ [WZ(x- B2+ E(x’ - q) 2] - [@.0476)(123.03) + 379.48 ] /2

Q1

H-1 341 - 1

2.0363

From Equation (3-17]

ol

_ H W(N - 1)(N - 2) %
(H- 1)(H - 2) o° N

+3W (N - 1) (4 -2) 02 + WN (u -p)?® + =(x’ -ﬁ)’]

(]

_ 341 (8.0476)(41)(40)(1.765)3 (3.5209)
T (340)(339)(2.03863)3 42
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+ 3(8.0476)(41)(6.0262 - 6.126)(1.765)7

+ {8.0476)(42)(6.0262 - 6.126)3 + 4310.949

G = 3.5341, say 3.5

Table F-2 shows summaries of the exceedence frequency curve. The
first column is a tabulation of the prescribed exceedence
probabilities and column 2 shows the corresponding frequency
factors for G = 3.5. {The K values can be found in Bulletin No. 17b.)

Column 3 shows the frequency factor times the standard deviation
and column 4 is the solution of Equation [3-18], or

n=ﬁ+5K

The upper and lower confidence limits for levels of significance of
.05 and .95 are computed as follows:

The standard normal deviate t at confidence level 0.05 is 1.64485 as
found in Bulletin No. 17b for zero skew. From Equations [3-26] and
[3-27] it is found that

a1 €2 _ | _ (1.64485)7 o.067
2(N - 1) 2 (42 -1)
t2 1.64485)2
b=k - = = K- L-—ZE——1- = K? - .0644174172

The values of K? are shown in column 5 in Table F-2 and the values
of b are shown in column 6. The solutions of Equation [3-24] and
[3-25] are shown in columns 9 and 10. The upper and lower
confidence limits for the water levels according to Equations
{3-22] and [3-23] are shown in columns 11 and 12, respectively. The
water level elevations corresponding to the expected probabilities
are shown in column 13. These are determined by using Equation
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(3-28a] through [3-28f], interpolation of the intermediate expected
probabilities and plotting the resulting frequency curve. Figure F-
1 shows the expected probability curve derived together with the
observed peak water levels.
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Figure F-1. Frequency of water levels at the State Pier,
Providence, R. I.



